The European parliament has adopted restrictions on the use of certain hazardous substances (RoHS) in electrical and electronic equipment (EEE), 1 thereby prohibiting the use of polybromobiphenyl (PBBs) and polybromodiphenyl ethers (PBDEs), the structural formula of which is shown in Fig. 1 . This RoHS directive forced manufacturers of EEE to inspect large numbers of components that were purchased from their suppliers. Many kinds of brominated flame retardants are used worldwide, especially tetrabromobisphenol A (TBBPA). This retardant, the structural formula of which is shown in Fig. 2 , is the one used in 65% of cases in Japan. 2 Gas chromatography/mass spectroscopy (GC/MS) with chemical pretreatments is widely used to distinguish any prohibited substances from other brominated flame retardants. This method, however, takes a long time (about 50 h) and is destructive. A non-destructive, rapid-screening method for PBBs and PBDEs is therefore required to analyze the huge numbers of EEE components.
It is well known that both infrared (IR) and Raman spectroscopy can distinguish the differences between analogous compounds. In the case of PBDEs in matrix polymers, the IR bands of PBDEs overlap those of matrix polymers. Therefore, we selected Raman spectroscopy. Raman spectroscopy has often been used for quantitative analyses. 3, 4 Quantitative analyses of PBDEs in matrix polymers, however, have not been reported.
Three Raman spectra were obtained from ABS polymers containing no brominated flame retardants, polymers with 6 Using Raman spectroscopy without any preparation, we analyzed the brominated flame retardant, polybromodiphenyl ethers (PBDEs), which has been prohibited by the European Union. The typical Raman bands of PBDEs, which are clearly different from those of other brominated flame retardants, are from 100 to 300 cm -1 . In our analysis, the detection limit was about 100 ppm, and the analysis took about 1 min, whereas the usual method of solvent extraction using gas chromatography/mass spectroscopy takes 50 h. wt% of TBBPA, and polymers with 0.16 wt% of decabromodiphenyl ether (DeBDE). This concentration data for the additives were obtained in advance using GC/MS. High density polyethylene and epoxy resin were also used as matrix polymers.
The Raman spectra were measured from 0 to 4000 cm -1 with a JEOL JRS-System 1000 Raman spectrometer configured with 785 nm excitation of an LD laser. Figure 3 shows that the ABS polymer containing DeBDE had three distinctive bands at around 220 -140 cm -1 , while that containing TBBPA had two distinctive bands. The one containing no brominated flame retardants had no band in these regions. This indicates that Raman spectroscopy can detect PBDEs and can distinguish PBDEs from TBBPA. Furthermore, the typical Raman bands of PBDEs are clearly different from those of other brominated flame retardants, for example, 1,2,5,6,9,10-hexabromocyclododecane, 2,3-dibromopropanol, 2,4,6-tribromophenol, and hexabromo-cyclohexane, as shown in Fig. 4 . In addition, measurements of ABS polymer samples in which there were DeBDE concentrations ranging from 0.0001 to 10 wt% showed that the detection limit was about 0.01% wt.
